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doi:10.1016/j.kjms.2010.12.014Abstract Cardiac autonomic dysfunction is a common complication after acute ischemic
stroke (IS). Prior investigators have emphasized that infarction of brain stem or hemispheres
with insular involvement is related to this dysfunction and may predict poor clinical outcome.
From the viewpoint of stroke physicians, however, all stroke patients, particularly large-artery
atherosclerosis (LAA) should be monitored for possible cardiac complications after acute IS.
This study aimed to investigate cardiac autonomic impaction in patients with acute IS and
to make the comparison between LAA and small-vessel occlusion (SVO) subtypes. Of the 126
acute IS patients prospectively enrolled in this study, 32 had LAA, 56 had SVO, and 38 had
undetermined etiology according to the Trial of Org 10172 in Acute Stroke Treatment criteria.
Cardiac autonomic function of all patients was assessed by measuring heart rate variability
(HRV). The low- and high-frequency components of HRV in all stroke patients were significantly
lower than those of control subjects after comparing multivariable models, including addi-
tional adjustments for age, gender, and all risk factors. There were no significant differences
on HRV between LAA and SVO although post hoc comparisons showed that stroke patients of
SVO had increased sympathetic modulation and reduced vagal activity. In conclusion, in acute
IS patients, both LAA and SVO are predisposed to have cardiac autonomic dysfunction, mani-
festing as abnormalities in HRV, whether in hemispheric or brain stem lesions. Stroke patients
of SVO are at higher risks of cardiac abnormalities, which might suggest an early cardiac
dysfunction because of long-term hypertension. The HF component of HRV thought to be forof Neurology, Kaohsiung Medical University Hospital, No. 100, Tzyou 1st Road, Kaohsiung 807, Taiwan.
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216 C.-F. Chen et al.vagal control might be a cardinal marker for predicting cardiac autonomic dysfunction after
acute IS. Short-term HRV spectral analysis is a convenient approach for stroke clinicians to
assess autonomic function in acute stroke. Long-term follow-up for HRV and clinical outcome
relative to LAA and SVO stroke subtypes is warranted, particularly when an abnormal HRV is
found at admission.
摘要 心臟自律神經功能障礙是急性缺血性中風後常見之併發症。過去的研究發現，腦幹梗塞或
大腦半球梗塞合併腦島受損可能與此功能受損有相當程度關聯，因而預測這些患者將會有較差之
臨床預後表現。然而，從腦中風臨床醫師之角度與觀點而言，所有的中風患者，尤其是大動脈粥
狀動脈硬化中風亞型之患者，因為可能伴隨發生相關之心因性併發症，所以更須嚴密監測其心臟
自律神經功能。本研究之目的在探討急性缺血性中風患者對心臟自律神經功能所造成之影響，以
及進一步比較大動脈粥狀動脈硬化與小血管阻塞之不同中風亞型對心臟自律神經功能的影響是否
有所差異。本前瞻性研究共收錄126位急性缺血性中風病人。 依照腦中風TOAST診斷分類區分，
其中32位為大動脈粥狀動脈硬化，56位為小血管阻塞，38位為未確定病因。所有病人皆以測量心
率變異性來評估其心臟自律神經功能。經過比較多變項分析包括調整年齡、性別、及所有危險因
子之變項後，結果顯示所有中風患者之心率變異性分析之低頻與高頻組成顯著低於控制組之受試
者。大動脈粥狀動脈硬化及小血管阻塞兩組之心率變異性分析並無顯著差異，儘管進一步進行事
後檢定結果發現，小血管阻塞之病人有較增強之交感調控及迷走活性減弱之現象。總結言之，我
們發現大多數急性缺血性中風包括大動脈粥狀動脈硬化及小血管阻塞都可能會引起心率變異性異
常，而導致心臟自律神經調控系統受到顯著損傷。小血管阻塞之中風病人似乎較易於造成心臟功
能調控受損，可以視為早期心臟病變之指標，而我們推測這與長期高血壓有關。代表迷走神經調
控的心率變異性之高頻組成或許可以當成預測心臟自律神經功能指標之主要因子。短期心率變異
性頻譜分析可以協助腦中風臨床醫師來篩檢中風患者有無自律神經功能受損。對大動脈粥狀動脈
硬化及小血管阻塞之中風病人進行心率變異分析和臨床預後的長期追蹤是一項需考慮之課題，特
別是當住院時發現有心率變異分析異常時。
Copyright ª 2011, Elsevier Taiwan LLC. All rights reserved.Introduction
Cardiac complications, such as ischemic heart damage and
arrhythmias, play a major role in prognosis during the acute
phase of stroke [1e3]. Some studies have reported that
reduced HRV and impaired cardiac baroreceptor sensitivity
can predict adverse clinical outcomes after acute ischemic
stroke (IS) [4e6]. Heart rate variability (HRV) is a measure of
variations in heart rate. In practice, it is defined as variations
of both instantaneous heart rate and RR intervals, which
provides a simple and noninvasive tool for assessing the
activities of the autonomic nervous system (ANS) [7].
Abnormalities of HRV primarily reflect the dysfunction of the
sympathetic or parasympathetic nervous system.
Prior investigations have addressed that patientswithfirst-
ever acute IS and without preexisting cardiac disease show
a more pronounced decrease in HRV measurements in hemi-
spheric infarctionwith right insular involvement [8]. Although
Laowattana et al. [9] have shown the increased rates of
cardiac events in patients with left insular infarction
compared with infarction elsewhere, it was presumed that
large arterial infarction in the right hemisphere might
increase nocturnal blood pressure, reduce circadian blood
pressure variability, and was associated with a higher
norepinephrine level and reduced HRV compared with left
hemispheric infarcts [8,10]. The brain stem infarction,
however, was less studied but was thought that particularly
medullary involvement caused cardiovascular autonomic
dysregulation [11]. However, from the viewpoint of stroke
physicians, all acute stroke patients particularly those with
a large area of infarction should be closely monitored for
possible cardiac complications, such as arrhythmia orischemic heart syndrome, because these complications may
further worsen the clinical outcome after IS. Comparatively,
stroke patients with small infarction were rarely surveyed for
the possible cardiac complication. The medullar involvement
of brain stem infarction was an exception, which showed an
impaired HRV in some small series of study [11,12]. There
were even fewer studies conducting the comparison of
autonomic function between stroke patients of large-artery
atherosclerosis (LAA) and of small-vessel occlusion (SVO) [13].
The purpose of this study was to (1) reappraise the impact
of cardiac autonomic function in patients with acute IS by
measuring HRV and (2) compare the differences of HRV in
patients between LAA and SVO subtypes according to the Trial
ofORG10172 inAcuteStrokeTreatment (TOAST) classification
[14]. The stroke patients with cardiac embolism were
excluded in this study because cardiac-embolic stroke, which
is often accompanied with high-Essen stroke risk score [15],
may be predisposed to be at higher risk for severe cardiovas-
cular events, recurrent stroke, and worst clinical outcome.Materials and methods
This prospective study was conducted in the Department of
Neurology of Kaohsiung Municipal Hsiaokang Hospital from
March 2007 to March 2009. The Ethics Committee of the
Medical Faculty, Kaohsiung Municipal Hsiaokang Hospital
approved the study and each subject provided informed
consent. Patients were enrolled only if they fulfilled all of
the following criteria: admission for acute IS; evidence of
acute ischemic lesion consistent with clinical manifestations
determined by neuroimaging study; absence of clinically
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tion; absence of other concomitant central nervous system,
cardiac, or pulmonary disease possibly affecting the ANS and
HRV; absence of any pharmacologic treatment, including
beta-blockers, possibly affecting the ANS and HRV; absence
of any major concurrent medical disease, including end-
stage renal disease and malignancies; absence of fever
(>37.5C), severe hypertension (systolic blood pressure
220 mmHg, diastolic blood pressure 120 mmHg); or any
relevant hemodynamic compromise on admission.
One hundred eighty-eight patients were initially
included but 62 did not fulfill the inclusion criteria. Thus,
the series consisted of 126 consecutive eligible patients
with acute IS (69 men and 57 women; mean age 63.2 12.9
years). The associated risk factors evaluated included
hypertension (systolic blood pressure 140 mmHg, diastolic
blood pressure 90 mmHg, or history of hypertension with
antihypertensive medications), diabetes mellitus (fasting
blood glucose 126 mg/dL or treatment with insulin or oral
hypoglycemic agents), hyperlipidemia (total cholesterol
200 mg/dL or treatment with lipid-reducing drugs), and
smoking (cigarettes smoking within the last 30 days).
Transcranial and extracranial color-coded duplex ultra-
sonography was done on all of the patients. Cerebral
computed tomography or magnetic resonance imaging was
performed to detect brain lesion during admission. Stroke
severity was assessed using the National Institutes of Health
Stroke Scale (NIHSS) [16]. The presumed etiology of stroke
was defined by the attending physician based on clinical
judgment and laboratory features. These were subse-
quently classified according to the TOAST criteria [14],
which denoted five subtypes of IS: (1) LAA; (2) car-
dioembolism; (3) SVO; (4) stroke of other determined
etiology; and (5) stroke of undetermined etiology.
There were 114 control subjects (41 men and 73 women;
mean age 54.5 8.8 years) recruited from the hospital and
general community. They were screened carefully to be
free of any clinical history of stroke or manifestations of
any nervous system, cardiac, or pulmonary disease. None
was using any medications known to affect the ANS and
HRV. In all cases, particular care was taken to exclude any
major form of concurrent cardiac disease with a possible
impact on HRV. In particular, atrial fibrillation, congestive
heart failure, moderate-to-severe valvular dysfunction, any
form of cardiomyopathy, and any previous acute myocar-
dial infarction were ruled out by a comprehensive clinical
evaluation, including history, physical examination, 12-lead
electrocardiography, and echocardiography.
The autonomic effect on resting HRV was evaluated on
the basis of short-term (5 minute) recordings of an elec-
trocardiogram (ECG) acquired in a well-controlled envi-
ronment between 1 and 10 days (median, 5 days) after
stroke onset as previously described by Korpelainen et al.
[17]. Brachial artery pressure was measured by sphygmo-
manometer. Detailed procedures for HRV analysis follow
the rules of previous reports [18e20]. In brief, pericardial
ECG was taken for 5 minutes in the daytime (between 8 am
and 5 pm) after 10 minutes of bed rest.
ECG signals were recorded using an analog-to-digital
converter with a sampling rate of 256 Hz. The digitized ECG
signals were analyzed online and were simultaneously stored
on a hard disk for off-line verification. Signal acquisition,storage, and processing were performed on an IBM-compat-
ible portable personal computer. The computer algorithm
then identified each QRS complex and rejected each
ventricular premature complex or noise according to its
likelihood in a standard QRS template. Stationary R-R values
were resampled and interpolated at a rate of 7.11 Hz to
produce the continuity in the time domain [19]. Frequency-
domain analysis was performed using a nonparametric
method of fast Fourier transformation. The direct current
component was deleted, and a Hamming windowwas used to
attenuate the leakage effect [21]. For each time segment
(288 seconds; 2,048 data points), our algorithm estimated
the power spectrum density based on fast Fourier trans-
formation. The resulting power spectrum was corrected for
attenuation resulting from the sampling and the Hamming
window. The power spectrum was subsequently quantified
into standard frequency-domain measurements as defined
previously [1], including high frequency (HF) (0.15e0.40 Hz),
low frequency LF (0.04e0.15 Hz), very low frequency (VLF)
(0.003e0.04 Hz), LF%, HF%, and LF/HF. HF, LF, and LF/HF
were logarithmically transformed to correct for the skewness
of the distribution [19].
Statistical analysis
Values were expressed as means standard deviation.
Comparisons of numerical and categorical variables
between stroke patients and control subjects were con-
ducted by two-sample t tests and chi-square tests,
respectively. The adjusted differences were estimated by
analysis of covariance with age, gender, and cardiovascular
risk factors as covariates. The one-way analysis of variance
was used to compare HRV measurements between the
control group and different stroke subtypes, with post hoc
comparisons conducted on groups versus control subjects.
The trend test was conducted for comparison of controls,
LAA, and SVO groups. The Wilcoxon rank test was used to
compare HRV measurements between control group, LAA,
and SVO patients grouped by diabetes status. Differences
were considered statistically significant at p value less than
0.05. The receiver operating characteristic curves and area
under the curves (AUC) were plotted and computed to
compare the predictive accuracy of these measurements.
AUC values between 0.7 and 0.8 represented considerable
discrimination, whereas AUC values exceeding 0.8 repre-
sented good discrimination [22].
Results
The demographic and clinical characteristics of all subjects
are shown in Table 1, which shows that stroke patients have
higher proportion of cardiovascular risk factors than control
subjects. Of the 126 patients included, 32 had LAA, 56 had
SVOs, and 38 had an undetermined etiology according to
the TOAST criteria. The mean NIHSS score of all patients on
admission was 4.3 3.2 (median, 4.0 and range, 0e15).
A measurable power spectrum of HRV was elicited in
both control subjects and stroke patients (Table 2). The two
sample t tests indicated significant differences between
overall stroke and control subjects in all measurements.
The components of VLF, LF, and HF in the stroke patients
Table 1 Demographic data and clinical characteristics of stroke patients with different subtypes (nZ 126) and controls
(nZ 114)a
Characteristics Controls (nZ 114) Stroke patients (nZ 126)
LAA (nZ 32) SVO (nZ 56) Undetermined (nZ 38)
Age (yr) 54.5 8.8 64.3 12.1 61.7 11.7 64.5 15.2
Male 41 (36.0) 21 (65.6) 28 (50.0) 20 (52.6)
Hypertension 22 (19.3) 23 (71.9) 49 (87.5) 28 (73.7)
Diabetes 11 (9.7) 14 (43.75) 31 (55.4) 13 (34.2)
Dyslipidemia 37 (32.5) 21 (65.63) 42 (75.0) 21 (55.3)
Smoking 9 (7.9) 12 (37.50) 22 (39.3) 16 (42.1)
Initial NIHSS score 4.7 3.7 (median 4.0) 4.0 2.5 (median 4.0) 4.6 13.6 (median 4.0)
a Data are presented as mean standard deviation or n (%).
LAAZ large-artery atherosclerosis; nZ number; NIHSSZ National Institutes of Health Stroke Scale; SDZ standard deviation;
SVOZ small-vessel occlusion; UndeterminedZ stroke of undetermined etiology.
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and LF/HF was significantly higher in the stroke patients.
When adjusted for age, gender, and associated cardiovas-
cular risk factors by multivariate models, the measure-
ments of LF and HF in stroke patients were still significantly
lower than those of controls. The measurements of LF and
HF in stroke patients were still significantly lower than
those of controls. Apparently, the differences in LF and
HF between the stroke and control groups were not
affected by age, gender, or associated cardiovascular risk
factors.
When comparing HRV values between SVO and LAA, the
SVO group showed lower values than those of LAA group,
although post hoc comparison did not reach statistical
significance. However, post hoc comparisons showed that
stroke patients with SVO had lower values of VLF, LF, and
HF and higher ratio of LF/HF compared with control
subjects (Table 3). The trend test showed significant
differences between control, LAA, and SVO groups.
Comparisons of demographic and clinical characteristics
between LAA and SVO groups, however, did not show
significant differences in age, gender, associated cardio-
vascular risk factors, and mean NIHSS scores (p> 0.05)
(Table 1). That means that the data here is not affected by
demographic and clinical characteristics.
As diabetes mellitus was thought to affect ANS function
and HRV values [23], further analysis of demographic data,
clinical characteristics, and HRV in all patients with orTable 2 Measurements of heart rate variability in control subje
Heart rate variability Controls (nZ 114) Patien
VLF (ms2) 5.96 0.89 5.4
LF (ms2) 5.14 0.87 3.5
HF (ms2) 4.96 1.01 2.9
LF/HF 0.18 0.80 0.5
a Data are presented as mean standard deviation.
b Adjusted for age, gender, hypertension, diabetes, dyslipidemia, a
c t test.
HFZ high frequency; LFZ low frequency; nZ number; SDZ standarwithout diabetes status was performed. There were no
significant differences in age; gender; the proportion of
hypertension; smoking status; initial NIHSS score; and VLF,
LF, HF, and LF/HF of HRV components. Apparently, HRV
measurements in acute stroke patients were not affected
by diabetes status.
The comparison of HRV in subjects of control, LAA, and
SVO groups with or without diabetes status was further
analyzed (Table 4). The Wilcoxon rank test showed signifi-
cant differences in LF and HF in patients with diabetes
mellitus and in HF and LF/HF in patients without diabetes
mellitus (Table 4). These results suggested that the data
here might be independent from diabetes status and HF
might be the most sensitive marker of HRV in stroke patient
whether it is comorbid diabetes or not. It showed that our
data is applicable to patients regardless of diabetes, and
this is compatible to the results of study by Kuriyama et al.
[13]. The receiver operating characteristic curves and AUC
of HRV parameters showed that the component of HF had
the highest AUC value of 0.71, indicating that HF would be
the best predictive indicator of HRV for cardiac autonomic
function after acute IS (Fig. 1).Discussion
The standard procedure and interpretation of HRV analyses
was defined in 1996 (Task Force of the European Society ofcts and stroke patientsa
ts (nZ 126) pc Adjusted difference of
patients vs. controlsb
8 1.96 0.0159 0.2281
6 5.26 0.0018 0.0297
8 5.84 0.0004 0.0174
8 1.19 0.0022 0.0703
nd smoking factors.
d deviation; VLFZ very low frequency.
Table 3 Measurements of heart rate variability in control subjects and stroke patients of different subtypesa
Heart rate
variability
Controls
(nZ 114)
LAA
(nZ 32)
SVO
(nZ 56)
pb Significant differences
by post hoc comparison
p for trend
VLF (ms2) 5.96 0.89 5.71 1.72 5.28 1.93 0.0122 SVO vs. control 0.0031
LF (ms2) 5.14 0.87 4.42 1.99 3.28 5.50 0.0013 SVO vs. control 0.0003
HF (ms2) 4.96 1.01 3.97 1.77 2.71 6.15 0.0003 SVO vs. control <0.0001
LF/HF 0.18 0.80 0.58 1.00 0.58 1.23 0.0313 SVO vs. control 0.0093
a Data are presented as mean standard deviation.
b Analysis of variance test.
HFZ high frequency; LAAZ large-artery atherosclerosis; LFZ low frequency; nZ number; NIHSSZ National Institutes of Health Stroke
Scale; SDZ standard deviation; SVOZ small-vessel occlusion; UndeterminedZ stroke of undetermined etiology; VLFZ very-low
frequency.
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Electrophysiology, 1996). HRV is categorized into HF, LF,
and VLF power ranges [1]. HF is equivalent to the well-
known respiratory sinus arrhythmia and is considered
representative of vagal control of the heart rate [24]. LF is
a joint contribution by both vagal and sympathetic nerves
[25], such that the ratio LF/HF is considered by some
investigators to reflect sympathovagal balance or sympa-
thetic modulations [1,26]. The physiological explanation of
the VLF component is much less defined and the existence
of a specific attributable physiologic process may even be
questioned [27].
Our study shows that acute IS may cause cardiac auto-
nomic dysfunction because of a decrease in HRV of LF and
HF components and is compatible with most prior investi-
gations that patients with acute IS of hemispheric or brain
stem infarctions also show a decrease in HRV measurements
of HF and LF [3,10e13,28]. SVO stroke patients had signif-
icant differences in HRV, which is independent of lesion
localizations or demographic characteristics. The SVO, that
is, lacunar infarcts, small deep infarcts that result from
occlusions of a penetrating artery, account for w25% of all
ISs. Most lacunar infarcts are caused by two types of arte-
rial pathology intracranial atherosclerosis and segmental
arterial disorganization or lipohyalinosis secondary to theTable 4 Comparison of heart rate variability in controls and s
statusa
Heart rate variability Controls (nZ 114) LAA (n
Diabetes 11 1
VLF (ms2) 5.86 0.55 4.95
LF (ms2) 5.05 0.97 3.54
HF (ms2) 4.64 1.08 3.36
LF/HF 0.42 0.86 0.18
Nondiabetes 103 1
VLF (ms2) 5.98 0.92 6.30
LF (ms2) 5.14 0.86 5.11
HF (ms2) 4.99 1.00 4.44
LF/HF 0.15 0.80 0.67
a Data are presented as n or mean standard deviation.
HFZ high frequency; LAAZ large-artery atherosclerosis; LFZ low
vessel occlusion; VLFZ very-low frequency.effects of hypertension [29]. In this study, the proportion of
hypertension in the SVO group is higher than that of
LAA group, although it did not reach statistical significance
(87% vs. 72%, p> 0.05). The proportion of hypertension
factor does not adversely affect outcomes as previously
aforementioned. The possible mechanism that SVO with
milder stroke severity still had cardiac autonomic dysre-
gulation is supposed to be correlated to hypertensive heart
disease (HHD). Clinical sequelae of hypertension include
heart failure, arrhythmia, and ischemic events, especially
myocardial infarction and stroke. The likelihood of link
between HHD and atrial fibrillation increases by 40% to 50%
in the presence of hypertension. Increased susceptibility to
ischemic heart disease rounds out the cardiovascular
sequelae of HHD, with a 6-fold higher risk of myocardial
infarction in hypertensive patients than in normotensive
individuals [30]. These would provide further evidence in
support of the notion that there is increased risk of death,
mainly from cardiovascular causes, a few years after
lacunar infarction [29]. These results suggest that patients
with SVO tended to have cardiac autonomic dysfunction of
increased sympathetic and reduced vagal activity. This
means that patients of SVO are at higher risk for cardiac
derangement than previously considered. This is a concern
because they will be theoretically more predisposed to life-troke patients with different subtypes grouped by diabetes
Z 32) SVO (nZ 56) Wilcoxon rank test (p)
4 31
0.92 5.26 1.94 0.081
1.64 3.12 5.22 0.0332
1.26 2.36 5.84 0.0298
1.15 0.76 1.27 0.3805
8 25
1.97 5.31 1.94 0.2958
2.01 3.49 5.92 0.1085
2.00 3.15 6.61 0.004
0.83 0.34 1.16 0.0454
frequency; nZ number; SDZ standard deviation; SVOZ small-
Figure 1. The predictive accuracy of measurements in heart
rate variability for overall stroke patients using the receiver
operating characteristic curves and the area under curves.
AUCZ area under curve; HFZ high frequency; LFZ low
frequency; VLFZ very low frequency.
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tions whether short-term or long-term outcome.
As previously mentioned, HF is equivalent to well-known
respiratory sinus arrhythmia and is considered representa-
tive of vagal control of the heart rate [24]. In this study, HF
is the most sensitive marker of HRV after acute IS. This is
different from the previous study that shows the VLF
component to reflect abnormal HRV [10] but compatible
with the results of study by Kuriyama et al. [13]. Therefore,
overall stroke patients will have predominantly disturbed
parasympathetic function because of damage to the vagal
control of the heart rate. This conclusion is consistent with
a previous study showing that in addition to the previously
well-established sympathetic hyperfunction, brain infarc-
tion also seems to cause parasympathetic hypofunction
[17]. Talman et al. [31] emphasized that decreased para-
sympathetic function can impair restoration of cerebral
blood flow and the results suggest that the presence and
importance of cortical control of ANS. This abnormal
autonomic function may be partially responsible for the
impaired restoration of cerebral blood flow in these
patients [13]. HF may be a cardinal predictor of HRV for
autonomic dysfunction after acute IS.
Our study here provide further evidence to support the
hypothesis that acute IS may lead to a significant
derangement of cardiac autonomic function. Prior investi-
gations that patients with acute hemispheric or brainstem
infarctions show a decrease in HRV measurements of HF and
LF [3,10e13,28] were reconfirmed here. In the study by
Kuriyama et al. [13], 77 acute supratentorial cerebral
infarction patients (30 LAA and 47 SVO) display a reduced
parasympathetic regulation and relative increase in
sympathetic output and this is compatible with our results
[13]. However, post hoc comparisons showed that stroke
patients of SVO had increased sympathetic modulation and
reduced vagal activity in our study. The higher rate of HRV
abnormalities in SVO patients might suggest an early
cardiac dysfunction because of long-term hypertension. In
Korpelainen et al. study [11], 31 patients of hemisphericinfarction (16 large cortical infarction and 15 small
deep infarction) with 6 months follow-up seem to cause
significant long-lasting damage to the cardiovascular auto-
nomic regulatory system manifested as abnormalities of
HRV [10]. He also pointed out that abnormalities of HRV
had been reversed by 6 months in 15 patients of brainstem
infarctions. The effects of abnormal HRV in acute stroke on
short-term and long-term cardiac autonomic function
remain unclear. We presume that LAA patients with
abnormal HRV suggest an adverse clinical outcome, whereas
the SVO patients with an abnormal HRV point to the early
cardiac dysfunction because of long-term hypertension.
Therefore, long-term follow-up for HRV and clinical
outcome correlative of LAA and SVO stroke with abnormal-
ities of HRV is warranted, particularly when an abnormal
HRV is found at admission.
There are limitations to this study. First, the stroke
severity of the study population is limited to mild-to-
moderate stage neurologic deficits. The mean NIHSS score on
admission is relatively low, 4.3 3.2 (median, 4.0 and range,
0e15). This may affect the statistical outcome, making the
comparison between SVO and LAA more difficult. In general,
severe strokes are often accompanied by major complica-
tions and clinical conditions that are relatively more critical.
Second, the sample size of LAA and SVO groups are relative
small, which may induce the statistical bias. We need
a larger sample size for further research. Therefore, a new
study project enrolling the stroke patients of LAA with large
hemispheric infarcts is already in progress to determine the
role of HRV, focusing the presence or absence of insular
involvement and the clinical outcome correlation.
In conclusion, short-term HRV spectral analysis is
a convenient approach and noninvasive tool for stroke
clinicians to assess ANS function for each patient. For all
stroke patients with abnormal HRV at admission, we suggest
a more intensive blood pressure control soon after the
acute stage is over, particularly for SVO patients.
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